FAM is a developmentally regulated substrate-specific deubiquitylating enzyme. It binds the cell adhesion and signalling molecules bcatenin and AF-6 in vitro, and stabilises both in mammalian cell culture. To determine if FAM is required at the earliest stages of mouse development we examined its expression and function in preimplantation mouse embryos. FAM is expressed at all stages of preimplantation development from ovulation to implantation. Exposure of two-cell embryos to FAM-specific antisense, but not sense, oligodeoxynucleotides resulted in depletion of the FAM protein and failure of the embryos to develop to blastocysts. Loss of FAM had two physiological effects, namely, a decrease in cleavage rate and an inhibition of cell adhesive events. Depletion of FAM protein was mirrored by a loss of b-catenin such that very little of either protein remained following 72 h culture. The residual b-catenin was localised to sites of cell-cell contact suggesting that the cytoplasmic pool of b-catenin is stabilised by FAM. Although AF-6 levels initially decreased they returned to normal. However, the nascent protein was mislocalised at the apical surface of blastomeres. Therefore FAM is required for preimplantation mouse embryo development and regulates b-catenin and AF-6 in vivo. q
Introduction
The post-translational modification of proteins by ubiquitin controls a wide range of essential cellular functions. This process is carried out by a complex cascade of enzymes that display a high degree of substrate specificity. Whilst the best-characterised consequence of protein ubiquitylation is to target the substrate for complete or partial degradation to the proteasome, research over the past decade has revealed an ever expanding repertoire of ubiquitin functions beyond the housekeeping role of degrading misfolded proteins. These include regulation of signal transduction, transcription, cell cycle progression, endocytosis and differentiation (reviewed in Hershko and Ciechanover, 1998) .
The Drosophila melanogaster fat facets ( faf ) gene product and its murine homologue, fat facets in mouse (Fam), are developmentally regulated, ubiquitin-specific processing proteases (UBPs) (Chen et al., 2000; Huang et al., 1995; Taya et al., 1998 Taya et al., , 1999 . UBPs are deubiquitylating enzymes that catalyse the removal of ubiquitin moeities from their target proteins. Genetic analyses have identified requirements for faf in the cell fate determination of a subset of tissues namely the photoreceptors (Fischer-Vize et al., 1992; Huang et al., 1995; Huang and Fischer-Vize, 1996) , cone and/or pigment cells Li et al., 1997) and at the syncytial embryo stage (Fischer-Vize et al., 1992) . Analysis of faf's role in photoreceptor determination demonstrated that Faf antagonised the function of the proteasome suggesting that Faf stabilises the protein levels of its substrate (Huang et al., 1995) . Recent genetic evidence strongly implicates a Drosophila epsin protein encoded by the liquid facets gene, as the critical Faf substrate in photoreceptor determination but not at the syncytial stage (Cadavid et al., 2000) .
The murine homologue Fam is expressed in a tissuespecific manner during post-implantation development in the mouse (Kanai-Azuma et al., 2000; Wood et al., 1997) . Fam mRNA and protein are present in a number of developing tissues including the rapidly proliferating cells of the gastrulating and neurulating embryo, the apoptopic cells of the digital interzones, the post-mitotic cells of the central nervous system (CNS; Wood et al., 1997) as well as the nonneural epithelia of the developing eye, particularly the retinal pigment epithelium (Kanai-Azuma et al., 2000) . This indicates that Fam expression is not associated with a single cellular or developmental phenomenon. Fam is able to functionally replace faf function in Drosophila embryos implying an interaction with the liquid facets protein (Chen et al., 2000) . In mammalian cells, biochemical studies have identified interactions between FAM and the cell adhesion and signalling molecules, AF-6 (Taya et al., 1998) and bcatenin (Taya et al., 1999) . AF-6 and FAM physically interact and co-localise at tight junctions in polarised MDCK cells (Taya et al., 1998) . Calcium depletion results in loss of adhesion and displacement of both AF-6 and FAM from cell junctions. Exogenous Fam expression decreases the level of AF-6 ubiquitylation (Taya et al., 1998) . In MDCK cells FAM is also present at the adherens junction. Biochemical analysis identified a specific physical interaction between FAM and b-catenin but not other adherens junction-associated proteins such as a-catenin nor the cytoplasmic domain of E-cadherin (Taya et al., 1999) . FAM can also extend the half-life of b-catenin in COS cells but it is unclear whether this is the result of a direct interaction (Taya et al., 1999) . Together these data suggest a role for FAM in regulating cell adhesive events in epithelial cells.
Given the central role of epithelial biogenesis during early mammalian development, we undertook this study in order to examine the potential role of FAM during the earliest stages of murine development. In the experiments presented here we show that FAM is expressed in unfertilised oocytes and preimplantation mouse embryos and that it is required for the progression of two-cell mouse embryos to the blastocyst stage. Loss of FAM protein resulted in a decrease in blastomere cleavage rates and adhesion. Finally the putative FAM substrates AF-6 and b-catenin are abnormally regulated in the absence of FAM protein.
Results

Expression of FAM protein during preimplantation development
As Fam can functionally replace faf in the syncytial stage Drosophila embryo (Chen et al., 2000) , we sought to examine whether Fam might similarly be involved in the earliest stages of mouse embryo development. To this end, the expression of FAM protein in preimplantation mouse embryos was determined by immunohistochemistry and confocal microscopy. FAM protein was detected at high levels in unfertilised eggs and all preimplantation embryonic stages to the blastocyst (Fig. 1C-H) . In the unfertilised, ovulated egg FAM showed strong localisation to the spindle and chromosomes as well as being detected in the cytoplasm, albeit at much lower levels. Upon fertilisation, however, FAM immunoreactivity was absent from both the female and male pronuclei, but appeared significantly upregulated in the cytoplasm. During subsequent cleavage stages FAM was detected throughout the cytoplasm and also highly localised in the perinuclear region but not to the chromosomes and spindle during mitosis. This pattern of expression was maintained following the initiation of differentiation at compaction and in the blastocyst with no discernible difference of expression between cells of the inner cell mass and the trophectoderm (Fig. 1H) . FAM staining at all stages was somewhat punctate which may be attributable to the histological processing, however, punctate staining of myc-tagged Faf has been reported in Drosophila S2 cells (Wu et al., 1999 ). An identical staining pattern was detected with antibodies raised against the C-terminal 114 amino acids of FAM (data not shown). 
Depletion of FAM inhibits preimplantation embryo development
To determine the functional requirement for FAM in preimplantation development we sought to deplete FAM protein levels using antisense oligodeoxynucleotides (a/sODNs). Two cell embryos were cultured until the blastocyst stage in the presence of a/sODN designed to hybridise to Fam mRNA spanning the initiation codon and flanking regions. Embryos were also cultured in the presence of sense oligonucleotides (sODNs) covering the same region or no oligonucleotide at all. In the presence of 30 mM Fam a/sODN embryos failed to form blastocysts during 72 h in culture (Table 1) . By this time both control embryos and those grown in the presence of sODN had advanced to the expanded blastocyst stage. The normal progression of embryos cultured in the presence of sODN indicated that the presence of oligonucleotides per se was not detrimental to development at this stage. Several other oligonucleotides with unrelated sequence also had no effect on the embryos (data not shown).
Western blot analysis confirmed that the inhibition of development was due to the specific depletion of FAM in embryos treated with the a/sODNs. Embryos exposed to a/sODNs for 24 h showed a reproducible and significant depletion of FAM (70% as assessed by densitometry) compared with those cultured in the presence of sODNs (Fig. 2) . Following 72 h culture only residual levels of FAM were detectable in the a/sODN-treated embryos. Immunohistochemical analysis of these embryos revealed that FAM was equally downregulated in both the cytoplasmic and perinuclear domains of expression at both timepoints (Fig. 3 ). This analysis detected normal FAM protein levels in the small percentage of blastocysts that did develop in the presence of Fam a/sODN indicating that the loss of FAM was indeed responsible for the developmental arrest.
Embryos cultured in a/sODN contained fewer cells than those cultured in the presence or absence of sODN. Cell numbers were determined for embryos cultured for 48 h in the presence of Fam sense and antisense ODN. These experiments revealed a significant retardation of cell division in the absence of FAM protein (Fig. 4) . Morphologically, the embryos cultured in the presence of a/sODN cleaved at a much slower rate than sense cultured embryos and appeared to be defective in cell adhesion. These adhesive defects were ultimately manifested as a failure to form a blastocoelic cavity; however, in a minority of embryos, a looser association of blastomeres in precompacted embryos (Fig. 6B) , and compacting embryos (see arrows Fig. 6D ) was observed.
Fate of the FAM-interacting proteins, b-catenin and AF-6, in the absence of FAM
The cell adhesion-associated and signalling molecules, bcatenin and AF-6, specifically bind FAM in vitro and display increased protein half-lives in the presence of exogenously expressed FAM (Taya et al., 1998 (Taya et al., , 1999 . In this study the fate of AF-6 and b-catenin in the absence of FAM in vivo was examined.
Embryos cultured in the presence of Fam a/sODN contained progressively less b-catenin. Western analysis (Fig. 2 ) detected a 36% decrease in b-catenin levels after 24 h culture and only residual levels at 72 h. Immunolocalisation of b-catenin, however, indicated that despite this decreased level of expression, b-catenin remained correctly localised at cell-cell contacts as indicated by the immunofluorescence in embryos grown in the presence of a/sODN (Fig. 5) . Localisation of b-catenin in the presence of sODN was identical to that previously reported (Ohsugi et al., 1996) .
AF-6 is a membrane-associated molecule that interacts with the tight junction and adherens junction-associated ZO-1 protein (Yamamoto et al., 1997) . AF-6 is also a direct target of Ras as well as a FAM-interacting protein (Kuriyama et al., 1996; Taya et al., 1998) . Embryos collected after 24 h culture in the presence of Fam a/sODN had significantly decreased levels of AF-6 (5% of sense embryos, Fig. 2) . Surprisingly, however, following 72 h culture AF-6 protein levels were approximately equivalent in embryos grown in the presence of either sense or antisense ODN (Fig. 2) . Immunohistochemistry confirmed the initial drop in AF-6 levels but detected normal levels again after 48 and 72 h (Fig. 6 ). AF-6, however, no longer localised to cell-cell contacts (compare Fig. 6C ,E with D,F) but was distributed evenly along the apical aspect of outer cells at 48 and 72 h as well as around the nucleus at the latter time-point. The AF-6 associated protein ZO-1 showed a similar mislocalisation as AF-6 (Fig. 6G,H ).
Discussion
Localisation of FAM in preimplantation embryos
The localisation of FAM protein raises a number of intriguing questions concerning its role at this stage of development. Firstly, fertilisation resulted in a dramatic re-localisation of FAM protein from association with the spindle body and chromosomes of the unfertilised egg to the cytoplasm (Fig. 1) . It is not known whether this mirror image change in FAM distribution resulted from events of fertilisation or the re-initiation of meiosis. As localisation of FAM to the chromosomes and spindle in later cleavage stage blastomeres was not seen such an association is unlikely to be required for mitosis (data not shown). Moreover, whilst Fam mRNA and protein expression levels are higher in epithelial cells from a number of embryonic and adult tissues (Kanai-Azuma et al., 2000; Wood et al., 1997) , there was no difference in its levels or intracellular localisation between cells of the inner cell mass and the epithelial trophectoderm. Interestingly, FAM did not localise to regions of cell-cell contact in trophectoderm cells despite its strong association with cell adhesion complexes in MDCK cells in vitro and both cell types being polarised epithelia (Taya et al., 1998) .
FAM is required for preimplantation development
The loss of FAM has two physiological consequences for the embryo, namely a decrease in cleavage rate and also an inhibition of cavitation and blastocyst formation. The deceleration in cell cleavage was already apparent at the four-to eight-cell stage after only 24 h of culture, and by 48 h, sODN-treated embryos had undergone at least one more round of division than their a/sODN-treated counterparts. This indicates a role for FAM in blastomere cleavage but not necessarily in cell division per se. Observations of FAM expression in other tissues indicate that there is no correlation between the level of FAM detected and cell cycle rate (Kanai-Azuma et al., 2000; Wood et al., 1997) .
The most dramatic defects observed in embryos grown in Fam a/sODN was a failure to cavitate and form a blastocyst (Table 1) , which may stem from perturbed adhesive events at, or preceding, compaction. In some embryos there appeared to be a looser association of blastomeres even at the four-to eight-cell stage. Of the remaining embryos some initiated but failed to complete compaction and finally cavitation was not observed. The fact that only the 2% of embryos that formed blastocysts in the presence of Fam a/sODN were still immunoreactive for FAM confirms the deubiquitylating enzyme's role in these events. It is unlikely that the failure to compact and cavitate is due to the decreased cleavage rate as compaction is independent of cell division and proximate protein synthesis (Kidder and McLachlin, 1985; Levy et al., 1986) . It is equally unlikely that the decrease in cell numbers is responsible for the failure to complete compaction or form a blastocyst as blastocoel formation is independent of cell number (Smith and McLaren, 1977) . Compaction occurs when eight cells are present and blastocysts with fewer than 12 cells are readily observed in manipulated embryos (Smith and McLaren, 1977) . In addition the loss of E-cadherin by homologous recombination prevents blastocyst formation but these embryos have normal cell numbers confirming that there is no direct link between cell adhesion and cell numbers in these embryonic stages (Larue et al., 1994) .
3.3. b -catenin and AF-6 are abnormally regulated in the absence of FAM The cell adhesion and signalling molecules b-catenin and AF-6 interact with FAM (Taya et al., 1998 (Taya et al., , 1999 . Studies of cultured mammalian cells suggest that FAM deubiquitylates both, thereby increasing their half-lives. In preimplantation embryos both b-catenin and AF-6 are effected by the loss of FAM but in quite different ways.
Loss of FAM results in a parallel loss of b-catenin. This is consistent with a role for FAM in maintaining b-catenin protein levels in vivo. Whilst Western analysis indicated that following 72 h culture in the presence of Fam a/sODN b-catenin protein levels had decreased to almost undetectable levels (Fig. 2) the b-catenin which was still present was correctly localised to cell-cell contacts (Fig. 5) . 4 . Effect of FAM a/sODN inhibition on cell number in preimplantation mouse embryos. In two separate experiments embryos were cultured from the two-cell in KSOM medium supplemented with either 30 mM FAM sODN or a/sODN and cell numbers were determined 48 h later as described in Section 5. Analysis of variance revealed a significant retardation following exposure to a/sODN. Untreated or sense-treated embryos had an average of 34.12^1.43 cells after 48 h in culture, whereas Fam antisense treated embryos had an average of 14^0.45 cells (P , 0:0001, n ¼ 55 embryos).
This suggests that FAM may be necessary to stabilise the cytoplasmic pool of b-catenin which is known to be a target for degradation by the ubiquitin-proteasome pathway (Aberle et al., 1997; Sadot et al., 2000) . A large cytoplasmic pool of b-catenin is known to be present in preimplantation embryos and remains at a constant level from fertilisation to blastocyst formation (Ohsugi et al., 1996) . This pool of bcatenin protein may be required for compaction as all maternal b-catenin mRNA is degraded at the one-cell stage and the embryonic mRNA can first be detected at very low levels in eight-cell embryos and only fully in the blastocyst (Oh et al., 2000; Ohsugi et al., 1996) . It is less clear if cadherin-associated b-catenin is accessible for ubiquitylation/deubiquitylation. Loss of the cytoplasmic pool of bcatenin may have an indirect impact on cell adhesion. The substantial increase in cell-cell contacts during cleavage would presumably necessitate significant recruitment of bcatenin to the cell surface. If this is recruited from the cytoplasmic pool this may be diminished in the absence of FAM. Alternatively or perhaps additionally, loss of cytoplasmic bcatenin may have a direct effect by attenuating any signalling by the Wnt pathway. However, as there are no reports of this pathway being active in preimplantation embryos the latter hypothesis is more speculative.
Loss of b-catenin by homologous recombination results in peri-gastrulation defects including loss of anteriorposterior patterning, as well as defects in embryonic ectoderm growth and failure to form mesoderm (Haegel et al., 1995; Huelsken et al., 2000) . The results presented here, however, are not necessarily in conflict with the previous experiments. It has been proposed that there is a requirement for b-catenin during preimplantation development but that the translation of maternal b-catenin transcripts and the presence of the closely related plakoglobin rescues the embryo at these stages (Haegel et al., 1995) . This proposal is supported by the observation that compaction proceeds despite the inhibition of protein synthesis from the late twocell stage indicating that there is enough maternal material for early preimplantation embryogenesis (Levy et al., 1986) . In the experiments presented here loss of the b-catenin protein may result in failure to compact and cavitate as Ecadherin is required for compaction (Hyafil et al., 1980) and b-catenin is a necessary link between E-cadherin and the cytoskeleton (Nagafuchi and Takeichi, 1989; Ozawa et al., 1989) . As plakoglobin is not expressed until the blastocyst stage (Ohsugi et al., 1996) it cannot rescue at earlier stages.
Loss of FAM also results in an almost total depletion of AF-6 protein after 24 h of culture as might be anticipated if FAM deubiquitylates AF-6 as in mammalian cell culture (Taya et al., 1998) . Surprisingly, however, AF-6 levels were restored to normal only 24 h later (Fig. 6 ) and remained so for the duration of this experiment (another 24 h, Fig. 2 ). One explanation of this apparent paradox may be that maternally inherited AF-6 is regulated by the ubiquitin-proteasome pathway, but nascently translated AF-6 is not. Alternatively AF-6 may interact with another deubiquitylating enzyme, which is not expressed until the eight-cell stage. The deubiquitylation of substrates by multiple Dubs has been observed (Cadavid et al., 2000; Wu et al., 1999) . The mislocalisation of AF-6 away from sites of cell-cell contact to the apical cell aspect (Fig. 6) is reminiscent of its localisation at the four-cell stage. ZO-1 which also localises to cell-cell contacts and can interact with both AF-6 and b-catenin (Rajasekaran et al., 1996; Yamamoto et al., 1997) is also mislocalised even though in some cell types it contains the necessary targeting motifs to localise other proteins to the appropriate cell adhesion complex (Ebnet et al., 2000) . The mislocalisation of both AF-6 and ZO-1 may reflect a loss of blastomere polarity in the absence of FAM.
Loss of AF-6 by homologous recombination results in embryonic lethality as the cells of the primitive ectoderm fails to form proper cell-cell junctions and are not polarised (Ikeda et al., 1999; Zhadanov et al., 1999) . It is proposed that AF-6 has a function in tight junction formation, which are first required in the trophectoderm for blastocoel formation (Collins and Fleming, 1995) . Normal levels of AF-6 were detected at the blastocyst stage in the absence of FAM so it is unlikely that misregulation of AF-6 is the primary defect at this stage. AF-6 also has a postulated role in the Ras and Rap1A signalling pathways (Boettner et al., 2000; Fig. 6 . Immunolocalisation of AF-6 and ZO-1 following FAM a/sODN treatment. Two-cell embryos were cultured in KSOM medium supplemented with 30 mM of: FAM sODNs (A, C, E, G), FAM a/sODNs (B, D, F, H) for 24, 48 and 72 (A-B, C-D and E-F) h, respectively, and then probed with anti-AF-6 antiserum. Images (G, H) represent embryos cultured for 72 h in FAM sODNs and a/sODNs, respectively, and then probed with anti-ZO-1 antiserum. The distribution pattern for both AF-6 and ZO-1 following FAM a/sODN treatment was significantly altered. Positive AF-6 immunoreactivity present in sense treated embryos and associated with cellular adhesion sites (A, C, E) is initially reduced following 24 h of Fam a/sODN treatment (B) but is increased by 48 h in culture with FAM a/sODN (D) and also appears to be associated with nuclei by 72 h (F). Note also that there is no apparent AF-6 immunoreactivity in areas of cell-cell contact, which appear to be 'looser' as a result of FAM inhibition in contrast to sense treated embryos (arrows, panel D). ZO-1 is similarly affected, with no typical tight junction-associated immunoreactive ZO-1 present in resultant embryos following 72 h of FAM antisense treatment (H). Bar ¼ 25 mm. Kuriyama et al., 1996) . Both Ras and Rap1A are expressed in preimplantation stages and there is a putative functional requirement for c-ras during the morulae to blastocyst transition (Ahmad and Naz, 1993; Temeles et al., 1994) . It is unknown what consequences, if any, the mislocalisation of AF-6 in the absence of FAM may have on signalling pathways in the preimplantation embryo.
Conclusions
These data establish that FAM is required for at least two events in preimplantation mouse embryo development namely, cleavage and cell adhesion. However, as the use of the antisense deoxyoligonucleotides results in the depletion of the full length FAM protein, and as FAM is able to interact with at least three proteins (liquid facets, b-catenin and AF-6), it is not possible to conclude which interaction(s) are essential for FAM function at this stage of development. We have shown that two of these potential partners, AF-6 and b-catenin, are abnormally regulated and may play some role in the defects observed.
Our results are analogous to experimental evidence in Drosophila melanogaster where Faf is essential for syncytial embryo development (Fischer-Vize et al., 1992) . It is not known how faf mediates its role in the Drosophila embryo but it appears to be independent of liquid facets (Cadavid et al., 2000; Chen et al., 2000) . Interestingly, the Drosophila homologue of b-catenin, armadillo, is required for events of cellularisation and epithelial polarity at these early stages (Cox et al., 1996; Hunter and Wieschaus, 2000) .
Given that faf/liquid facets have roles in regulating endocytosis, the first appearance of which is concommitent with blastomere polarity in preimplantation mouse embryos (Fleming et al., 1986) it may be that this is a critical interaction for the preimplantation embryo. Clearly the molecular dissection of FAM's interaction with individual binding partners will need to be resolved in order to gain greater insight into the role of these processes in development.
Experimental procedures
Superovulation, embryo collection
Randomly bred Quackenbush mice (10 weeks) were superovulated by intraperitoneal (i.p.) injection of 10 IU PMSG followed 48 h later by 10 IU hCG (Folligon and Chorulon, Intervet, Australia) and paired with males. Fertilised oocytes were collected 24 h post-hCG from mated females whilst unfertilised oocytes were flushed from the uteri of superovulated unmated females. Two-cell embryos, morulae and blastocysts were collected 48, 72 and 96 h post-hCG in M2 medium (Fulton and Whittingham, 1978) modified to contain 0.33 mM Na pyruvate, 5.56 mM glucose and 4 g bovine serum albumin (BSA)/l (Hobbs and Kaye, 1985) .
Antibodies
Rabbit polyclonal antibodies to FAM were raised against a synthetic peptide corresponding to the N-terminal region of the protein conjugated to KLH as previously described (Kanai-Azuma et al., 2000) . This antiserum detects a single band of 220 kDa by Western immuno-blotting as does an antiserum raised against the C-terminal 114 amino acids (data not shown). Both antibodies identify identical intracellular FAM localisation in preimplantation mouse embryos. Mouse monoclonal antibody to b-catenin (catalog # C19220; Transduction Laboratories, Lexington, KY, USA) was used as recommended by the manufacturer. Affinity purified rabbit anti-AF-6 antibody (Kuriyama et al., 1996) was used at 2.5 mg/ml in phosphate buffered saline (PBS) containing 5% normal goat serum, 5 g/l BSA and 0.01% Tween-20 (NGS/BSA/Tween/PBS). Rabbit anti-ZO-1 (pan antiserum recognises both a 1 and a 2 ZO-1 variants) antibody was a gift from Dr T. Fleming (University of Southampton, UK) and used at 1:100 dilution in NGS/BSA/Tween/PBS.
Wholemount immunofluorescence
Embryos were fixed in 2% paraformaldehyde in PBS pH 7.4 (PBS) for 30 min at 258C, and then washed four times with PBS before placing on Cell-Tak (Collaborative Biomedical Products, Two Oak Park, Bedford, MA, USA) coated coverslips for further processing. Embryos were permeabilised with 0.25% Triton X-100 (Sigma Chemical Co., St. Louis, MO, USA) in PBS for 15 min at 258C, washed with PBS and then neutralised with 0.05 M NH 4 Cl/PBS for 10 min. After a further wash they were then incubated in a blocking solution containing 10% normal goat serum, 5 g/l BSA and 0.01% Tween-20 in PBS for 45-60 min. Following application of the primary antibody (2.5-5 mg/ml), embryos were washed in PBS and exposed for 1 h at 258C to texas-red conjugated goat-anti-rabbit IgG (CalbiochemNovachem, Alexandria, NSW, Australia) diluted 1:100 with PBS. Coverslips were mounted on cavity slides in glycerol following brief exposure to an increasing series of glycerol in PBS (2.5, 5, 10, 20, 50 and 70% v/v) and examined using a Bio-Rad MRC-600 confocal laser scanning microscope mounted on a Zeiss Axioskop equipped with a Zeiss Plan-APOCHROMAT £ 63 oil immersion objective.
a/sODN inhibition
Oligodeoxynucleotides were designed against the initiation site of the fat facets in mouse (Fam) cDNA sequence (Genbank U67874 nucleotides 364-348). These sequences were: Fam antisense 5 0 -GGC TGT CAT ACT CGA CA-3 0 and Fam sense 5 0 -TGT CGA GTA TGA CAG CC-3 0 .
Complementary sense oligodeoxynucleotides were used to determine non-specific effects of oligodeoxynucleotides in the embryo culture system. An 8-bp sequence (5 0 -GCG AAA GC-3 0 ) which forms a stable hairpin-like structure resistant to 3 0 exonucleases was included at the 3 0 end of both oligodeoxynucleotide sequences as previously described (Pantaleon et al., 1997) . Oligodeoxynucleotide specificity was confirmed by match testing sequences with all gene databases through the Australian National Genomic Information Service. Two-cell embryos collected 48 h post-hCG were cultured under mineral oil for 48 h at 378C in a humidified atmosphere of 5% CO 2 , 5% O 2 , 90% N 2 in KSOM medium (Erbach et al., 1994 ) containing 30 mM sODN or a/sODN. The effect of these treatments on FAM, AF-6, b-catenin and ZO-1 protein expression, formation of a blastocoel cavity and cell number were determined.
Western immunoblotting
Embryos were collected in minimum M2 medium and 15 ml 10% sodium dodecyl sulphate (SDS) containing 1 mM PMSF, 125 mM dithiothreitol, 20% glycerol, 0.002% bromophenol blue, 125 mM Tris-HCl, pH 6.8 was added. The mixture was frozen before polyacrylamide electrophoresis through a 10% resolving gel (Laemmli, 1970) . Proteins were transferred to 0.45 mm nitrocellulose membranes (Towbin et al., 1979) . Membranes were incubated in a blocking solution of 5% skim milk powder in PBS for 1 h at room temperature before incubation for 1 h at 378C with primary antibody diluted in 1% skim milk in PBS to a final concentration of 0.2-1.25 mg/ml. They were then washed through three incubations of 10 min in PBS containing 0.1% Tween 20 (Sigma Chemical Co., St. Louis, MO, USA), before incubating at 258C for 1 h with a horseradish peroxidase-labelled donkey anti-rabbit secondary antibody (Amersham Pharmacia Biotech Pty. Ltd, Castle Hill, New South Wales, Australia) diluted 1:10,000 in PBS containing 0.2% BSA. After three further washes, labelled protein was visualised using the enhanced chemiluminscence detection method (Amersham Pharmacia Biotech Pty. Ltd).
Autoradiographs of the immunoblots were scanned with a BIORAD GS-700 Imaging Densitometer using Molecular Analystw Software (BIORAD Laboratories, Hercules, CA, USA). The intensity of each immunoreactive band was differentiated by the intensity of the gray levels displayed on the computer monitor and then integrated as a function of area volume and displayed in units of mean optical density £ area volume (OD·mm 2 ). Mean general background intensity was subtracted from this value for each immunoreactive band to allow direct comparisons.
Cell number assessment
Precompacted embryos were removed from culture and washed in protein free M2 before nuclear staining in a modification of the method described by Tarkowski (Tarkowski, 1966) . Briefly, embryos are placed into a 1% solution of sodium citrate for 20 min to disrupt cell-cell adhesions. These were then air-dried onto glass slides using glacial acetic acid:absolute ethanol (1:3), stained with Giemsa, washed and air-dried. Nuclei were then counted to give a representation of total cell population in each embryo.
